Acquisition of a beta-adrenergic response by adult rat hepatocytes during primary culture.
In freshly isolated parenchymal hepatocytes of adult rats, the beta-adrenergic agonist isoproterenol (Ip) did not stimulate cAMP formation, protein kinase activity, or glycogenolysis, although glucagon markedly stimulated all these activities. However, the beta-adrenergic response appeared when rat hepatocytes were cultured as monolayers. This response had already appeared after 2-h culture and increased during further culture. The appearance of the beta-adrenergic response during culture was blocked by cycloheximide, actinomycin D, or alpha-amanitin. Thus adult rat hepatocytes acquired marked ability to respond to Ip during culture through the syntheses of mRNA and protein. Freshly isolated hepatocytes from postnatal rats showed a high beta-adrenergic response that did not increase further during culture. This response gradually decreased during development and had almost disappeared about 60 days after birth. In plasma membranes prepared from freshly isolated cells of adult rats the basal and NaF-stimulated activities of adenylate cyclase (EC 4.6.1.1) were similar to those of cultured cells and the enzyme activity was also stimulated by guanyl-5'-yl imidodiphosphate. However, in plasma membranes of freshly isolated cells Ip scarcely stimulated adenylate cyclase, but glucagon did. The intact cells, whether they were freshly isolated or cultured, accumulated cAMP when exposed to cholera toxin. Moreover, the two subunits of GTP-binding regulatory protein (also named G/F or Ns site) were detected by [32P]ADP ribosylation with cholera toxin and [32P]NAD+ in freshly isolated cells as well as in cultured cells. These results indicate that freshly isolated and cultured hepatocytes of adult rats contain sufficient levels of all the components of the postreceptor-adenylate cyclase system for activity. However, the number of beta-adrenergic receptors measured by binding of [125I]iodocyanopindolol, a potent beta-adrenergic antagonist, was very low in purified plasma membranes of freshly isolated cells (20 fmol/mg of protein), and the number increased about 6-fold without change in the dissociation constant (Kd = 132 pM) when the cells were cultured for 7 h. This increase in beta-adrenergic receptor sites was completely abolished by cycloheximide and alpha-amanitin. Thus it is concluded that the unresponsiveness of adult rat hepatocytes to Ip was due to a very low amount of beta-adrenergic receptor and that the appearance of a beta-adrenergic response during primary culture was due to new synthesis of beta-adrenergic receptor through synthesis of mRNA.